The stability of most earth embankments is strongly influenced by the 7 water content of the soil. The water content directly influences the suction or pore 8 pressure in the soil, as well as the mass of material, thereby affecting the stress state 9 and strength, and leading to changes in the stability. These aspects are coupled by 10 the so-called soil water retention behaviour, which is observed to be a hysteretic Moreover, in the initially drying condition, the average factor of safety (FOS) and the 
pressure in the soil, as well as the mass of material, thereby affecting the stress state 9 and strength, and leading to changes in the stability. These aspects are coupled by 10 the so-called soil water retention behaviour, which is observed to be a hysteretic 11 phenomenon. Moreover, soils are known to be spatially variable or heterogeneous in 12 nature, which can lead to preferential flow paths and stronger or weaker zones. In considering hysteresis is larger than that when not considering hysteresis. In practice, 25 this means that slopes under seepage conditions, which are assessed to have a low 26 FOS, should be assessed including the hysteretic behaviour to ensure stability.
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Keywords: Embankment, hysteresis, reliability, slope stability, spatial variability, . 44 Moreover, due to the existence of hysteresis, the VWC in the soil under cyclic drying 45 and wetting processes may exhibit a significantly different response as compared to 46 the non-hysteretic case (Ma et al., 2011) . Indeed, the differences in the PWP and 47 VWC induced by the hysteresis in the SWRC contribute to a hysteretic shear strength 48 response which affects the stability and reliability of the slope (Bishop, 1959) . 49 However, to simplify seepage analyses the effect of hysteresis is commonly The hydraulic conductivity of the unsaturated soil is typically a function of the scanning curves were often used in numerical analyses. Therefore, as this paper is 140 not considering a specific soil, this approach has been adopted here to describe the 141 transition from wetting to drying and vice versa (Figure 1 (a) 
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For the heterogeneous case, in which several hydraulic parameters are spatially 252 random, the distributions of these parameters are listed in hysteresis on a spatially variable embankment has been presented. Table 3,   269 summarises the items investigated in each sub-section. hysteretic case would then be bigger than that of the non-hysteretic case.
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In Figure 5 , the hysteretic case reacts quicker to changes in water level due to 
309
In Figure 6 , it is seen that the PWP head in the hysteretic case can change more 310 rapidly than that in the non-hysteretic case, due to the suction head moving along The factor of safety has been calculated for each realisation and a log-normal 433 distribution fitted to the resulting ensemble distribution of FOS. 1 1.2 1.3 1.4 1.5 1 1.1 1.2 1.3 1.4 1.5 1 1.1 1.2 1.3 1.4 1.5 1 1.1 1.2 1.3 1.4 Figure 12 . Cumula ve distribu on func ons (CDFs) of FOS for both non-hystere c and hystere c cases at different mes. The solid line is the CDF for the hystere c case and the do ed line is for the non-hystere c case. The dash-do ed line shows the factor of safety calculated without considering heterogeneity or hysteresis.
